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a  b  s  t  r  a  c  t
Tissue  residues  were  determined  after  intramuscular  injection  of  ﬂorfenicol,  ceftiofur,  tulathromycin,
oxytetracycline,  and  moxidectin  in  102  white-tailed  deer  (Odocoileus  virginianus).  At  day  11, 21,  and  31
post injection,  only  tulathromycin  was detected  at a level  >0.01  ppm  in the deer  liver and muscle  samples
tested.  Oxytetracycline  was  only  detected  in  liver  at day  11  post  injection;  no other  drugs  were  detected
in either  muscle  or liver  at these  time  points.
©  2016  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND
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In the last decade, there is mounting and continuing evidence
hat frequent delivery of antibiotics in food producing animals leads
o an increase of antibiotic resistance in bacteria species. Antibiotics
nd anhelminthics are routinely used in the veterinary treatment
nd control of diseases in livestock as well as captive wildlife
pecies. These antibiotics and anhelminthics are usually labeled for
se in traditional domestic livestock, but in most of the situations
ith wildlife the same drugs are legally used by veterinarians in
he off label mode. For example, there are no antibiotics licensed
or species such as white-tailed deer but they are commonly used in
he captive deer industry. There is some documentation of dosages,
learance times, and tissue residue levels for some of these drugs
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/).when they are used in other deer species such as red deer (Cervus
elaphus nelson)  (Haigh and Hudson, 1993), fallow deer (Dama dama)
(English, 1993) and reindeer (Rangifer tarandus)(Dieterich, 1985).
The levels of antibiotic residues in tissues of harvested game ani-
mals such as deer and elk that might be consumed by people
after the injection of drugs have caused some serious public health
concerns. The levels of antibiotic tissue residues have not been
established in white-tailed deer (Odocoileus virginianus). To address
this issue, 102 white-tailed deer were transported to the Texas
Parks and Wildlife Department (TPWD) Permitted Private Deer
Facility at Triple Threat Ranch, 9228 Triple Ranch Road, Somerville,
Texas 77879. Fifty-one of the deer (24 males and 27 females) were
from the Texas Parks and Wildlife Department (TPWD), captive
deer herd on the Kerr Wildlife Management Area, Hunt, Texas,
and 51 other (3 males and 48 females) deer were transported to
the Triple Threat facility using TPWD transfer permits from 9 pri-
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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ate captive deer facilities. After arrival at the Triple Threat facility
he 102 white-tailed deer were then placed on a TPWD Scientiﬁc
esearch Permit # SRP-0814-151. During a two  week acclimation
nd adjustment period in a 4 acre high fenced at Triple Threat,
he deer were being maintained on a 16% protein commercially
vailable pelleted feed ration, ad libitum alfalfa hay, and water.
fter two weeks, on Day 0 post-injection (PI), all of the 102 deer
ere worked through a deer handling facility with a drop-chute (a
peciﬁc restraint system for cervids which includes a drop ﬂoor),
ndividually weighed and re-ear tagged. Each of the four antibiotics
nd cydectin were delivered by single intramuscular (IM) injec-
ions via sterile 20 ga needles and syringes at the following doses
nd sites: ﬂorfenicol at 40 mg/kg in the right shoulder; ceftiofur
t 7.0 mg/kg in the left hip; tularthromycin at 2.5 mg/kg in the left
houlder; oxytetracycline at 30 mg/kg in the right hip; cydection at
.3 mg/kg in the right neck. Those dosages used were calculated as
he average of those used by 6 veterinarians practicing in the deer
ndustry, and all doses used in the project were close to those rec-
mmended and used in cattle. After injection of the drugs, the 102
eer were randomly assigned to 3 groups of 33 each, released into
he outside pen, and maintained as outlined above. At day 11 post
njection (PI), 33 deer in Group 1were transferred from the outside
en into the deer handling facility. They were euthanized by cap-
ive bolt and exsanguinated by Texas Parks and Wildlife personnel
rained in that procedure. After euthanasia of the deer, veteri-
arians licensed to practice in Texas collected muscle and liver
amples from each carcass. The muscles collected were the right
emimembranosus and semitendinosus; liver samples consisted
f the right lobe of the liver. The liver and muscle tissue samples
ere individually bagged, labeled, refrigerated and then immedi-
tely transported on ice to the Texas Veterinary Medical Diagnostic
aboratory (TVMDL), Texas A&M University, College Station, Texas
7843-4467. Tissues were stored in a freezer at −20C. Tissues
ere thawed prior to extraction for drug residue analysis. Tissue
esidues were analyzed using liquid chromatography-tandem mass
pectrometry (LC–MS/MS). At day 21 PI, 33 deer in Group 2 and
ay 31 PI, 33 deer of group 3 were transferred from the outside
en into the handling facility and sampled identically as described
bove for Group 1. All carcasses from all groups were burned and
uried in the manner requited by the TPWD Scientiﬁc Research
ermit. The TVMDL did not detect residues of ﬂorfenicol, ceftiofur,
r cydectin in either muscle or liver samples at any time point PI
ested (the limit of detection is 0.01 ppm). However, tulathromycin
as detected in the liver at mean levels of 2.09 ppm (sd = 1.07 ppm)
t 11 days PI, 1.61 ppm (sd = 0.71 ppm) at 21 days PI, and 0.39 ppm
sd = 0.22 ppm) at 31 days PI. In the muscle, tulathromycin wassearch 144 (2016) 234–235 235
detected at mean levels of 0.69 ppm (sd = 0.33 ppm) at 11 days PI,
0.93 ppm (sd = 0.47 ppm) at 21 days PI and 1.34 ppm (sd = 1.02 ppm)
at 31 days PI. Oxytetracycline was  never detected in muscle at any
time points sampled but was  detected in liver at a mean level of
0.05 ppm (sd = 0.06 ppm) at 11 days PI; it was not detected in liver
on subsequent sampling dates. All of the mean levels of the drugs
detected in the muscle and liver tissues in white-tailed deer at day
11, 21, and 31 PI are below that which is allowed by the Federal
Drug Administration (FDA) in tissues from cattle, sheep, and swine.
For example, the FDA tolerance for tulathromycin in beef liver is
5.5 ppm (CFR Sec. 556.745). Such minute concentrations detected
would preclude any pharmacological effects in humans that might
consume the muscle or liver tissues from the white-tailed deer at
the drug dosages used. It is possible that the simultaneous injec-
tion of multiple drugs affected the metabolism of some of the
drugs. It is known that some antibiotics, particularly the macrolides
impact animal physiology (Villarino et al., 2013). However, we are
unaware of any studies showing an impact of antibiotic adminis-
tration affecting the metabolism of other antibiotics. To the extent
that it may  occur, we  would not expect the impact of multiple drug
administration to hasten the metabolism of the drugs.
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